We evaluate woodland expansion since 1989 using site suitability modelling. Local climate will constrain establishment or growth for unsuitable species. 88-97% of new woodland is located on suitable sites; this has improved over time.
Research Highlights
We evaluate woodland expansion since 1989 using site suitability modelling. Local climate will constrain establishment or growth for unsuitable species. 88-97% of new woodland is located on suitable sites; this has improved over time.
Higher suitability is concurrent with increased emphasis on ecological modelling. Forester use of modelling remains low; greater emphasis is placed on experience.
is privately owned and the majority of future expansion is expected to take place on 25 private land (Sing et al., 2013) . In this case, decisions are largely shaped by private 26 benefits accruing to landowners, even though additional public benefits arise as a 27 result . Grant schemes address this market failure by offering 28 incentives to create woodlands that generate social and environmental benefits (FCS, 29 2010) . Grants contribute to planting costs, with additional payments available for 30 woodland expansion on agricultural land. There have been six woodland grant 31 schemes in Scotland since grants replaced tax incentives in 1988 (Table 1) 
Climate
Atlantic maritime climate: cool, wet winters and warm, wet summers. Rainfall approximately 2,000 mm/yr.
Water
District dominated by the Great Glen, including major catchments of Glen Garry, Glen Spean and Glen Nevis. Year-round snow on Ben Nevis stabilises water balance.
Soils
Predominantly upland peats 1 with iron-pans and low-nutrient deep peats in the uplands due to heavy rainfall. Peaty-gleys and forest brown-earths on lower slopes.
Habitats
Nationally important Atlantic oakwoods, upland birch woodlands and remnant pine forest, in addition to open-moorland and mountaintop environments. 
130
We assessed the climatic suitability of site location and species selection using 131 suitability maps generated using ESC methodology at a resolution of 250m 2 132 (Bathgate, 2011). ESC matches four climatic and two edaphic variables with the 133 ecological requirements of tree species using a knowledge-based model (Table 3; to collect soil samples from study sites, soil variables were not included in spatial 137 evaluation. A separate analysis was conducted for edaphic suitability. 138
139
We selected the most abundant tree species in the district to model suitability scores 140 (Supplementary Materials). To account for unknown species composition, we 141 generated broadleaf and conifer species-assemblage maps based on the weighted 142 composition of native woodland under the SRDP (broadleaf woodland), and Picea 143 sitchensis for conifer woodland. We generated output suitability raster maps for each 144 species and species-assemblage. Every pixel was assigned a suitability score between 145 0 and 1 (<0. 
150
Woodland creation polygons were overlaid on output suitability maps to generate 151 suitability scores for each woodland. Pixels were counted if >50% lay inside the 152 woodland polygon. Scores were weighted by species composition to provide an 153 overall suitability score for each polygon. We conducted two analyses, i) SRDP only, 154 using detailed species composition, and ii) all grant schemes, using species 155 assemblages. Differences between approaches and woodland grant schemes were 156 tested using ANOVA and t-tests. We examined within-woodland variability by 157 examining the proportion of woodland area with a suitability score <0.3. Woodland 158 location was tested for randomness by comparing 10,000 randomly sampled pixels 159 with 10,000 random woodland pixels using two-tailed t-tests. Spatial analysis was 160 conducted in QGIS 2.4 (QGIS, 2014). Statistical calculations were performed using 161 
Role of ecological suitability in woodland planning

174
We investigated the role of ecological suitability and modelling in decision-making 175 through semi-structured interviews with key stakeholders. Interviews also provided a 176 means to explore spatial findings in more depth (Berg, 2004) . We limited scope to 177 forestry agents, and stakeholders from the three mandatory decision making bodies 178 (Table 4) since we considered these to exert greatest influence over planning. 179
Together, interview respondents had worked on all SRDP applications in the region. 180
We identified forestry agents from grant applications and discussions with Forestry 181 Commission Scotland. All but two forestry agencies operating in the area took part in 182 interviews. Landowners were not included in interviews. We also interviewed 
265
The first stage of the decision-making process is an initial, high-level site analysis. 266
Woodland is often of low priority to landowners and as such woodland may only be 267 considered if no other land use is possible. 268 
308
Once woodland type has been identified, species are selected from the subset of 309 available native or productive species, according to site suitability. This is primarily 310 dependent upon soil characteristics, local climate, and existing vegetation. 
325
All new woodland applications are subject to approval by the Forestry Commission, 326 in addition to a 28-day public consultation period. Further approval is required from 327
SNH and the
The approval process typically takes three to six months in the case of "good, well 335 founded, appropriate applications", but potentially up to several years if modifications 336 are required. This is partly due to resource limitations and partly due to insufficient 337 supporting evidence. Delays were a cause of frustration to consultees, forestry agents 338 and owners. It was felt that the application process was becoming more complex, 339 linked to increasing grant value and regulation from various bodies. This was 340 reflected by stakeholders on both sides of the approval process, though was seen not 341 as an issue of purpose, but of process. Overall, ESC was viewed as a useful but not essential "tool in the toolbox", though 387 one with a number of limitations. These included high sensitivity to inputs, 388 particularly soil nutrients, and the cost of gathering required data. While stakeholders 389 acknowledged that ESC had improved over time, experience took precedence over 390 modelling, both in the decision-making process and when assessing potential 391 woodland sites. 392
393
"Modelling has its place… it's nice, it confirms something. But it doesn't tell you 394 anything you didn't necessarily know already." 395
Forestry Agent 396 397
DISCUSSION
399
Climatic suitability of new woodland
401
The majority of grant-funded woodland expansion in Lochaber since 1989 has been 402 climatically suited to site conditions. It is unlikely that current climate will is a major 403 barrier to woodland establishment in Lochaber, and for most sites does not limit 404 establishment or growth. Nevertheless, there is still evidence that unsuitable schemes 405 are being accepted, albeit rarely, with 3-12% of new woodland considered unsuited to 406 climatic conditions. Given the requirement for ESC outputs to justify marginal 407 schemes (FCS, 2012), this suggests that evidence is either inappropriate or has been 408 overruled based on local knowledge. 
The Influence of Ecological Suitability on Woodland Planning
439
We find strong evidence that ecological suitability is accounted for in site, species and 440 seed provenance selection within the woodland planning process. Spatial evaluation 441
indicates that the vast majority of woodland has been located in climatically suitable 442 areas. Given that woodland location is non-random, this indicates that climate is being 443 taken into account, either through the experience of foresters, or formally within the 444 planning process. This is supported by interview evidence that ecological 445 considerations inform both species selection and planning approvals. However, we 446 find that ecological suitability appears to play a minor role in regards to woodland 447 type, which is more greatly influenced by grant scheme structure (Dandy, 2012) . This 448 aligns with previous indications that grant rates are the greatest determinant of 449 woodland type in Scotland (Mindspace, 2010 This paper presents an evaluation of woodland grant schemes in Lochaber using site 530 suitability modelling. We find that the majority of grant-funded woodland expansion 531 since 1989 has been suited to site conditions. Moreover, the proportion of suitable 532 woodland has increased from 88% to 97% under the latest woodland grant scheme. 533
This may be due in part to a formalisation of site selection criteria through ecological 534 modelling and a return to the philosophy of matching species to sites. However, it 535 may also be driven by the increased scrutiny of the consultation process, suggesting a 536 potential trade-off between site suitability and administration cost. Overall, it is 537 unlikely that current climate will limit woodland growth and benefits in 
599
Species selected for modelling
827
The species selected for modelling are outlined in Table S1 . These species 828
represented close to 100% of species planted under the SRDP. We did not investigate 829 minor species such as such as hazel (Corylus avellana) and aspen (Populus tremula), 830 or conifers such as Lodgepole Pine (Pinus contorta) since data availability was 831 insufficient to include these in modelling. 832 833 
Species assemblage maps
836
Species-assemblage suitability maps generated for the comparison of all grant 837 schemes are displayed in Figure S1 . Species assemblages are based on species 838 composition for the SRDP (Table S1 ). These demonstrate the availability and spatial 839 distribution of suitable woodland habitat in Lochaber. The mountainous topography 840 of the region is clearly visible, with most suitable land located in the Great Glen and 841 on the West Coast. The high suitability for Picea sitchensis is also evident. The distribution of climatic and edaphic suitability scores is outlined in Figure S2 . 
